Inflation expectations are key to economic activity, and in the current economic climate of a heated labor market, they are central to the policy debate. At the same time, a growing literature on inattention suggests that individuals, and therefore individual behavior, may not be sensitive to changes in inflation when it is low. This paper explores evidence of such inattention by constructing three different measures based on the University of Michigan's Survey of Consumers 1-year ahead inflation expectations. Exploring inflation thresholds of 2, 3, and 4 percent, our findings are consistent with the inattention hypothesis.
I. Introduction
According to the Phillips curve, running a heated labor market with unemployment rates below the NAIRU incurs the risk of high inflation. While in recent years the Phillips curve seems to have flattened, with annual inflation remaining low at around 2 percent and U.S. unemployment at a historically low rate, the concern still remains that high inflation could quickly return.
Inflation expectations are known to be important for the inflation-unemployment relationship since Phelps (1967) and Friedman (1968) . Further support for this view comes from recent papers by and Doser et al. (2018) . Both studies show that incorporating consumer inflation Consumers' inflation expectations are therefore a key input to assessing the risks of higher inflation when unemployment is below the NAIRU. Many suggestions about how inflation expectations are formed have been made. Aside from the commonly assumed paradigm of full information rational expectations, some proposals include adaptive expectations and various models of learning about the inflation process that resemble adaptive expectations (Sargent 1994; Evans and Honkapohja 2001; Gaspar, Smets, and Vestin 2010; Malmendier and Nagel 2016) . Another class of models are those that maintain rationality while relaxing the full information assumption. These include models of sticky information, noisy information, and rational inattention where individuals optimally choose their information sets (Lucas 1972; Mankiw and Reis 2002; Woodford 2003; Sims 2003; Maćkowiak and Wiederholt 2009 ; and the papers reviewed in Sims 2010 , Veldkamp 2011 , and Wiederholt 2010 .
Especially intriguing, given the current environment of low inflation, is the idea of inattention.
Rational inattention suggests that individuals have limited processing capacity, and therefore may optimally decide not to pay attention when more information confers very small benefits. Inattention has broad implications in macroeconomics, since beliefs about economic conditions are crucial for agents' decisions that drive macroeconomic outcomes. A lack of full information, whether or not this results from a rational choice, can generate persistence of variables and delayed responses to shocks (Mankiw and Reis 2002; Gorodnichenko 2008; Maćkowiak and Wiederholt 2015) . Rational inattention generates variation in the extent of information frictions across states of the world and across economic variables (Sims 2003; Maćkowiak and Wiederholt 2009; Maćkowiak and Wiederholt 2015) . In the context of price levels, inattention implies that individuals may not discriminate between 2, 2.5, and 3 percent inflation, which in turn, could explain the current episode of persistently low inflation and what appears to be a flattening of the Phillips curve.
In spite of its importance in economics, direct evidence of the inattention hypothesis is scarce. 1 This paper contributes to the literature by being one of the first to provide direct evidence of inattention in the context of inflation. We are aware of only two other studies that directly examine inattention. Coibion, Gorodnichenko, and Kumar (2018) find evidence in support of inattention in firms, while Cavallo, Cruces, and Perez-Truglia (2017) find evidence when comparing countries that have experienced bouts of high or low inflation. While these studies focus on cross-firm and cross-country predictions of rational inattention, our paper has the advantage of studying individual inattention within the United States over a long period of time and under different economic conditions. Specifically, we use the MSC to construct three measures of inattention to current inflation and find that individuals systematically pay less attention to inflation when inflation is low.
While we use three measures of inattention, our first measure of inattention is the most direct and is novel to the literature. This measure takes advantage of a specific response sequence, unique in revealing inattention to current inflation while not being confounded with individuals' ability to generate forecasts of future inflation from their knowledge of current conditions. In this way, it is both better suited for providing evidence to inform theories about inattention per se, and is distinct from measures of uncertainty about future inflation.
No matter what proxy for inattention that we use, the results point to lower attention when inflation rates are below 3 or 4 percent, consistent with other findings showing that in recent periods, aggregate inflation expectations have been less responsive to macroeconomic shocks (Pfajfar and Roberts 2018) . To further explore whether inattention at low levels of inflation leads to a flatter Phillips curve, we examine two periods of low inflation-between 1958 and 1969 and between 1995 and 2018. In both periods, we find a flat relationship between inflation and unemployment when annual inflation is running below 3 or 4 percent. This evidence suggests that inattention may be one mechanism behind the currently weak relationship between labor market tightness and inflation.
II. Data and Measures of Inattention
This paper uses the MSC set of questions regarding 1-year ahead inflation expectations, as shown in Figure 1 . Using the responses to these questions, we construct a few measures of inattention: (1) the share of individuals who responded that inflation would be the same and then, when probed further, did not know the current inflation rate, (2) the mean and median error in forecasting scaled by actual inflation, both as raw scaled errors and in absolute terms, and (3) the response to past forecasting errors in an inflation expectations regression model with an error correction term. In this last measure, inattention implies a weak relationship between the correction term and inflation expectations. Each of these measures or regression specifications, and the corresponding hypothesis implied by inattention, is explained below.
Inattention Measure I:
For the first measure we calculate the share of individuals who responded "Stay the same" to question A12: "During the next 12 months, do you think that prices in general will go up, or go down, or stay where they are now?" Then when probed further in question A12a: "Do you mean that prices will go up at the same rate as now, or that prices in general will not go up during the next 12 months?," they responded "Go Up," only to admit they "Don't know" when responding to question A12b: "By about what percent do you expect prices to go up/down on the average, during the next 12 months?"
Individuals with such a response sequence-labeled in our measure as "Same-DK"-reveal that they have not paid attention to current inflation, since after indicating that they believe prices will go up during the next year at the same annual rate as today, when probed, they could not provide a number for what the current rate is and instead said they "Don't know." 2
The first inattention hypothesis: if inattention occurs at low levels of inflation, we would expect to observe a higher share of Same-DK responses at low levels of inflation.
Inattention Measure II:
The second measure of inattention reflects inflation expectations and is, by definition, based on individuals who gave numerical estimates for inflation over the next 12 months. Therefore, it is complementary to the first measure of inattention.
Specifically, we take an individual's inflation expectations and calculate the difference between that prediction and the realized inflation rate. One of our measures takes the average of these individual errors, scaled by actual inflation. We explore several versions of this type of measure: (1) the mean raw error (as described), (2) the median raw error, (3) the mean absolute error, and (4) the median absolute error. The results are similar no matter which version of this measure we use. In the following sections, our discussion emphasizes the scaled mean absolute error:
2 Binder (2017) uses all the responses to question A12b, including the "Don't know" response, to construct a measure of inflation uncertainty based on whether the numerical responses are round numbers. We measure only the fraction of respondents who answered "Don't know" to question A12b after replying with "Stay the same" to question A12, as this discrepancy more directly indicates the respondent's inattention to current inflation conditions without being confounded with the individual's ability to form a forecast of future inflation based on his or her knowledge of current inflation.
where −1, � −1, +11 � is the expected inflation between − 1 and + 11, −1, +11 is the realized inflation rate between − 1 and + 11, and denotes an individual observation.
The second inattention hypothesis: if inattention occurs at lower levels of inflation, we would expect greater errors in expectations (relative to actual inflation) when inflation is low.
This hypothesis implies that if the mean absolute error, e.g., ∑ � −1, � −1, +11 � − −1, +11 �/ , is positively related to the level of inflation, the increase in this mean error is less than proportional.
Inattention Measure III:
For the third measure, we use the MSC's median annual inflation expectation. In this exercise, we fit a model of inflation expectations formation, which includes the past inflation expectation and an error correction term (that is, the gap between past inflation expectation and realized inflation). Specifically, the model we fit is:
This specification is flexible, thus enabling the data to reveal the degree of stickiness in expectations and the responsiveness of expectations to information revealed in the correction term. For our purposes, the most interesting term is the correction term. A negative coefficient of the correction term would mean that individuals pay attention to the current inflation rate and correct for past errors; meaning that if their previous expectations were too high, they would revise their future expectations downwards, and vice versa.
Finding an insignificant or very small coefficient would mean that individuals pay little attention to current inflation, since over-or under-shooting expectations in the past does not have much effect on forming current expectations.
The third inattention hypothesis: if inattention occurs at lower levels of inflation, we would expect the correction term to have a weaker association with inflation expectations when inflation is low. At high inflation rates, we would expect there to be a negative relationship.
III. Results
The results show that when inflation is higher, there are fewer instances of Same-DK responses, smaller errors in forecasting, and a greater correction of past mistakes in forecasting. These findings are consistent with all three of the inattention hypotheses, and provide direct evidence of this important behavioral pattern over a long time period in the United States. Below are further details about the results for each inattention measure.
Inattention Measures I & II: Same-DK Responses and the Scaled Mean Absolute Error
We first examine a scatter plot of the share of Same-DK responses versus the actual inflation rate that was present between March 1982 and April 2018-see Figure 2 . The results show a clear negative relationship between the share of Same-DK responses and the inflation level.
We test the results shown in Figure 2 by regressing the share of Same-DK responses each month on a high inflation dummy variable, "High Inf". The dummy takes a value of 1 if inflation is higher than a given threshold, and we vary the thresholds from 2 to 4 percent. The results presented in Table 1 Panel A confirm the scatter plot pattern in Figure 2 -namely, that a higher share of Same-DK responses is observed at low levels of inflation, findings that are consistent with the first inattention hypothesis. It is interesting, however, that the magnitude of the dummy variable's coefficient is larger when the threshold for highinflation is 3 or 4 percent compared to 2 percent. The only difference in moving from a 2 percent to a 3 percent threshold comes from classifying periods when inflation is between 2 and 3 percent as periods of low, not high, inflation. The larger coefficient, along with a similar constant across the two specifications, suggests that in periods when inflation is in the 2-3 percent range, individuals are as inattentive as they are during periods when inflation is below 2 percent. It is during the periods when inflation is over 3 percent that we observe a much lower share of Same-DK responses.
The scaled mean absolute error is composed of the mean absolute error term and the actual inflation rate. While the mean absolute error (not scaled by inflation) is higher in periods of relatively high inflation, such as in the late 1970s and the 1980s, the increase is less than proportional and the scaled errors during times of high inflation seem to be lower compared with the scaled errors during periods of low inflation (figure not provided). The results shown in Table 1 Panel B confirm this finding: on average, the scaled mean absolute error in inflation forecasting is lower in times of high inflation and is higher in times of low inflation. This relationship is reflected in the highly significant negative coefficient on the dummy variable that takes a value of 1 for periods of inflation above a certain threshold. The threshold varies from 2 to 4 percent, and we find consistent results throughout all the variations of the regression exercise. These results also hold when we control for inflation volatility or regress these two inattention measures on the level of inflation rather than on a dummy variable for high inflation periods (results available upon request), or if we use the other variants for measuring the forecasting error (see Online Appendix Tables A1-A3 ).
Inattention Measure III: Response of Inflation Expectations to Past Forecasting Errors in the Period from January 1978 to April 2018
Our third measure tests for responsiveness in expectations by fitting a model of inflation expectations formation. The model we fit is:
where −1 � , +11 � is the median expectation for inflation occurring between − 1 and + 11 (that is,over the next 12 months). The idea is that if individuals pay attention to inflation, they would learn from past forecasting mistakes and would correct their current inflation expectations based on the gap between last year's median expectation and the realized inflation rate. The third inattention hypothesis holds that there should be a significant negative relationship between the correction term and inflation expectations that becomes weaker at low levels of inflation.
To test this hypothesis, and whether the relationship is systematically different depending on whether the period is characterized by high or low inflation, we ran this regression separately for high and low inflation regimes. We again consider different high-inflation thresholds, ranging from 2 to 4 percent.
As shown in Table 2 , we find a negative and significant relationship between the correction term and median inflation expectations during high-inflation regimes, but not during low-inflation regimes. This difference is statistically significant, as shown in the results for the combined full-sample regression that includes interactions with the high-inflation dummy. This difference also holds if we include controls for recent changes in actual inflation and conduct panel regressions using individual-level responses (results available upon request).
Our estimates of are related to the estimates in Coibion and Gorodnichenko (2015a) , which documented a slow response of forecasts (in the form of a forecast error) to information about inflation that is consistent with a noisy information model. We show that these responses are especially attenuated in periods of low inflation.
IV. Discussion
Using very different measures, we find evidence consistent with inattention at low levels of inflation below 2-4 percent: higher share of Same-DK responses, large scaled errors in forecasting, and weaker responses to errors in past predictions. In the regression analysis, we find consistent negative and significant relationships for high-inflation regimes between the correction term and median inflation expectation that are not present during lower inflation regimes.
To make sure that the results are not driven by the Great Recession, characterized by very low inflation and well-anchored long-run expectations, we run regressions on a period the omits the last 15 years (2003 to 2018), but still find a similar pattern of results. Namely, in high inflation periods, on average there is a significantly lower share of Same-DK responses and scaled errors in high inflation periods, as well as a negative and significant coefficient on the error correction term in the inflation expectation regression model that exists only in high inflation periods. When excluding the past 15 years, we also find that there is no significant relationship between the error correction term and inflation expectations when inflation is low. The results are provided in the Online Appendix, Tables B1-B3 .
An interesting explanation for this consistent pattern of results may be that the effect is driven by individuals who were in their prime (25 to 54 years of age) during the high inflation period that occurred between 1969 and 1983. Perhaps these individuals, having experienced an episode of high inflation,
consider an annual inflation rate that is under 3 percent to be low and not attention-worthy, while younger cohorts pay attention when inflation is 3 percent or less. Similarly, one may wonder if the results are driven by current prime-age individuals who have only experienced low inflation, and do not realize that the inflation rate is an important measure for them to follow. Such explanations would be consistent with recent studies highlighting the importance of personal experience in long-term beliefs and behavior Nagel 2011, 2016; Malmendier and Shen 2018) . To explore these two questions, we examine the Same-DK share and the scaled mean absolute error measures that result when only considering individuals who were in their prime during the 1969-1983 high inflation period, and when only considering individuals who were in their prime when the MSC was conducted. The results are robust to excluding these populationssee Online Appendix Tables C1-C4-and suggest that the pattern documented in this paper is not driven by the experience of a specific cohort.
There are some caveats to the analysis: we use proxies of inattention that may be subject to criticism. We discuss these possible challenges below.
Potential Criticism of the Same-DK Measure: One can argue that the Same-DK response reflects frustration with the question and is not indicative of inattention. One may also object to this measure since the share of such responses is low. While it is never possible to know what determines an individual's responses, the sequence of the Same-DK response is the closest that we can get to a direct measure of inattention, i.e., people revealing that they do not know the current level of inflation. This is also the reason that it is worthwhile exploring this measure even if Same-DK responses are not very common in the MSC.
Moreover, if one believes that this response sequence is just noise, given that it is uncommon, then we should not find a systematic change in the relationship between this response share and the inflation level.
Nevertheless, we do find such evidence.
What about the Other "Don't Know" Responses?
Why not examine the DK response to the first question (A12) asking about price level in general? The reason is that such DK responses confound inattention with an inability to form firm inflation expectations. A DK response to the first question about future prices in general could arise because the respondent is inattentive or because she is very attentive yet confused by different signals. For instance, the respondent may predict a decline in the price of oil, say due to a new extraction technology, yet at the same time expect that prices of imported consumer goods will increase due to the trade war with China. As a result, the respondent may be quite uncertain whether overall prices should be expected to increase or decrease during the coming year and hence may give a DK response despite being quite attentive to inflation and the factors driving it. Using the "Same-DK" sequence eliminates such concerns.
Potential Criticism of Using the Scaled Mean Error or the Scaled Median Error: A possible objection
to using these measures is that the results they generate are driven by a few episodes of large errors, such as the Great Recession. Another objection is that errors do not necessarily reflect inattention. Rather, forecast errors may signal that individuals do not have a good model of the world.
The first objection is addressed by examining the results obtained by using the scaled mean error or scaled median error for a period that excludes the past 15 years, as well as conducting the analysis for periods with a limited raw error size of ±2 percent or a limited scaled error size of ±1.5 percent. We also conducted an analysis that excluded the first 10 years of the sample with high inflation (up to December 1987) . All of these robustness checks yield the same qualitative results, refuting such concerns. The results are presented in the Online Appendix Tables D1-D3 (for limited error sizes of ±2 percent), Tables E1-E3 (for limited scaled error sizes of ±1.5 percent), and Tables F1-F3 (excluding all periods of high inflation up to December 1987).
The second objection is interesting. Does having an incorrect model of the economy, or being puzzled by the realized inflation, differ from inattention? Perhaps. Yet, if one is more puzzled systematically in times of low inflation compared with times of high inflation, this may be in and of itself a form of inattention, as one does not bother to update or construct a new model that fits the low inflation environment.
V. Concluding Remarks
Given that we find consistent results across three different proxies for inattention-using the share of those who responded Same-DK, errors in predictions among those who gave their numerical inflation estimates, and fitting an inflation expectations model on the aggregate-we conclude that consumer inflation expectations are insensitive to actual inflation when annual inflation rates are below 2-4 percent.
The implication that individuals are insensitive to actual inflation when it is in the vicinity of the 2 percent annual level, as is the case today in the United States, is that the current risk of higher inflation, despite the unemployment rate being at a low level, is limited. To the extent that individuals act according to their expectations-and that at low levels of inflation of around 2 percent, inflation expectations are insensitive to new information-consumption decisions and wage negotiations should also be less affected by current economic conditions, which help to reduce inflation pressure. Furthermore, given that MSC inflation expectations have been shown to best explain realized inflation and lead to a stable inflationunemployment relationship, both before and after the Great Recession (see for example Coibion and Gorodnichenko 2015b; Kamdar 2018, and Doser et al. 2018) , consumers' inflation expectations may best reflect firms' inflation expectations. Indeed, this point has been argued by Kumar et al. (2015) , who suggest that firm managers form expectations based on their individual shopping experiences. Hence, the insensitivity of consumer expectations at times of low inflation suggest, in essence, a flatter Phillips curve relationship between labor market tightness and inflation, which has puzzled policy makers recently.
An important question going forward is whether the flattening of the Phillips curve is the new norm, perhaps due to millennials, having grown to adulthood in a period characterized by low inflation, being different from past generations who have experienced high inflation. The analysis we conducted suggests that this is not the case. Excluding the past 15 years from the analysis and examining adults who were in their prime during the high inflation period between 1969 and 1983 yields similar results. We also examine the relationship between the share of Same-DK responses and inflation rates by selected years in Figure 2 .
Using different colors, the figure identifies pre-1993 survey responses, and survey responses obtained during three subsequent periods: 1993-2003, 2003-2008, and 2009-2018 . It is clear that individuals surveyed in the late 1990s/early 2000s, when annual inflation was low, are not different from individuals surveyed more recently. If this time is not different, it implies that the Phillips curve was flatter during earlier periods of low inflation. This relationship is exactly what we find. Figure 3 plots annual inflation (measured by the core Consumer Price Index) against the unemployment rate between 1958 and 1969, a period characterized by low inflation, and more recently, the period between 1995 and 2018. The points when inflation is at or below 3 percent appear in black. In both time periods, the Phillips curve is flatter when inflation is below 3 percent. The same pattern holds when we look at annual inflation rates below 4 percent. Interestingly, between these two episodes of prolonged low inflation-that is, between 1970 and 1994-there were several episodes of high inflation and then the negative expected Phillips curve relationship re-emerged. If we can learn from history, it suggests that the Phillips curve is flat at levels of inflation of up to 4 percent, a point at which individuals (and perhaps business owners also) do not pay much attention. However, there is reason to caution against such complacency, since if annual inflation goes above 4 percent, we should expect the Phillips curve to return to its larger negative slope, which would then accelerate the rise of inflation.
From a behavioral perspective, perhaps it is not surprising to find insensitivity to the inflation rate when it is low. Psychologists have documented that individuals are insensitive to small changes, a response that is often called Weber's Law. The law was originally documented in the nineteenth century using visual stimuli and weight sensations-for instance, lifting a 10 pound box may not feel different from lifting an 11 or 12 pound box, but lifting a 15 or 20 pound box will be perceived differently (Weber 1846) . The law suggests the threshold of a "Just Noticeable Difference" (jnd), above which humans sense change, is proportional to the initial stimuli (the initial weight of the box). Applying this insight to a numeric setting, such as perceptions of the price level, it means that individuals are insensitive to small changes in prices up to a certain threshold that is proportional to the initial price level-that is, individuals are insensitive to inflation up to a certain rate threshold. Some authors have found mixed results for the jnd in inflation expectations using different methods and different survey instruments (see, for example, Henzel and
Wollmershauser 2005, and earlier work by Batchelor 1986) . Our results are consistent with the jnd, implying that a fresh look at the jnd directly may be worthwhile in our efforts to understand inflation expectations. 
